In the course of an investigation upon oysters under normal and abnorm al conditions, upon which we have been engaged for the last two years, and upon which we propose to subm it to the Society a detailed memoir during next session, we have come upon a pheno menon which we i-egard of such considerable im portance th a t we desire to publish a brief record of our observations and experiments, as we believe they may prove of interest to other biologists who are engaged in work on the m icro-chem istry of the cell. The phe nomenon we have now to describe is the presence of large quantities of copper in certain green leucocytes found in a diseased condition of the American oyster. The oysters suffering from this leucocytosis are always more or less green, b u t m ust not be confounded with ordinary green gilled oysters, where the colour is due to a totally distinct cause.
History.
Green oysters have been known from an early period, and there are various historic cases on record* of people having been poisoned by eating green oysters, and of the oyster m erchants being put upon trial because of the deleterious nature of th eir goods. Periodically green oysters have been suspected or convicted of being coloured with copper, and ju st as often it has been proved by competent authorities th at copper has nothing whatever to do with the green colour. This difference of opinion in the past has undoubtedly been largely due to the fact th a t the observers worked with different kinds of oysters. Some have investigated the celebrated " H uitres de Marennes " (a form of Ostrea e d u l i s and have fo having dark blue-green gills, they were still in a perfectly healthy state, th a t they contained very little copper, and th a t some iron was present in the pigment. All th at is perfectly correct, but it does not enable us to draw any conclusions in regard to other green oysters. There are evidently several kinds of greenness in oysters, and whereas some may be due to normal and healthy processes, others must be regarded as abnormal or diseased conditions. I t is the latter, in our experience, th a t contain the copper.
As early as 1835, Bizio showed th a t certain oysters he obtained at Venice contained copper, and he attributed (1845) th eir bluishgreen colour, and th a t of the Marennes oyster, to the presence of that metal. Two subsequent discoveries have throw n a certain amount of probably undeserved discredit upon Bizio's work. These are (1) the determination by Fredericq and others th a t a certain small amount of copper is present normally in the hasmocyanin of the blood of crustaceans and molluscs; and (2) the excellent work of Lank ester* and others on the Mainlines oysters which established the normal, healthy condition of the greenness, and the absence in th at form of any copper beyond the trace due to h m ocyanin. We now think it very probable, in the light of our recent experience, th at Bizio was dealing, in the case of his Venetian oysters, w ith the same copper-bearing green pigment th at we have met with.
About 1880 Ryder investigated some green oysters in America, and from his description of what he found we cannot doubt th a t he had before him the same kind of green American oyster (Ostrea virginica) th a t we have been examining. He showed th at the green colouring m atter was taken up by the amoeboid blood cells, and th at these wandering cells containing the pigm ent were to be found in the heart, in some of the blood vessels, and in aggregations in " cy sts" under the surface epithelium of the body. He describes the colour (in the ventricle) as a " delicate pea-green," and states th a t it is not chlorophyll nor diatom ine: he suggests th a t it may be phycocyanin or some allied substance.f bo far as we are aware there has been no w orkj since R yder's, 
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dealing w ith w hat we described a couple of years ago as the green leucocytosis in the A m erican oyster. M any papers, to which we do not refer, have appeared dealing w ith other kinds of green oysters, but they do not affect our present subject. In January, 1896,* we referred briefly to what appeared to be an inflammatory condition, accompanied by a pale chalky-green colour, which we found in some A m erican oysters relaid a t Fleetwood, on the Lancashire c o a st; and a t the Liverpool m eeting of the B ritish Association, last September, in discussing various kinds of greenness in oysters, we referred to this diseased condition, in the following te rm s :-" There is, however, a pale greenness (quite different in appear ance from the blue-green of the " H uitres de Marennes ") which we have m et w ith in some Am erican oysters laid down in this country, and which we regard as a disease. I t is characterised by a leuco cytosis, in which enorm ous num bers of leucocytes come out on th e surface of the body, and especially on the mantle. The green patches visible to the eye correspond to accum ulations of the leuco cytes, which in mass have a green tint. These cells are g ran u lar and amoeboid.
The granules do not give any definite reaction w ith the aniline stains, and, so far, we have not made out th eir precise nature."
Finally, tow ards the end of last year, in the Supplement to the Tw enty-fourth A nnual R eport of the Local Government Board,' Dr. Bulstrode corroborated our statem ent as to the presence of the pale green disease from the examination of specimens from Truro and Falm outh. Dr. Thorpe stated in the same Report th at he had found th at some green oysters from F alm outh,f sent to him for examina tion by D r. Bulstrode and Mr. R. V allentin, contained notable amounts of copper, in some cases as much as 0'02 grain per oyster, while the amount norm ally present is only 0006 grain.
Dr. Charles Kohn has kindly, during the last year or so, made a num ber of analyses for us of different kinds of oysters-" natives," " Marennes," Dutch, and American-and whereas in most of these he has found the copper to be present only in small quantities, on the average agreeing well with the amount (0 006 grain) usually stated as present in the tissues of the normal healthy oyster, in some green Americans which we gave him recently for the purpose he has found a very much larger amount of copper. These circumstances induced us to reopen, in our investigations, the question of copper in certain green oysters, wT ith the results th a t are detailed below. + Obtained from a creek, which is locally supposed to bring down copper, and the water of which was found on analysis to contain some copper.
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The Green Leucocytosis.
We first noticed this diseased condition in the autum n of 1895, in some ordinary Amei'ican oysters ( " blue points "), belonging to the species Ostrea virginica,which had been im ported into Liverpo relaid near Fleetwood, in the estuary of the W yre. Since then many hundreds (probably several thousands) of Am erican oysters have been examined by us, and we have seen all degrees of the leuco cytosis. I t m anifests itself in patches and streaks of green on the mantle and other parts of the integum ent, in engorgements of the blood vessels, especially of those th a t ram ify over the surface of the viscera, and in masses of green-coloured leucocytes in the heart. This green condition, although much less frequently seen in " natives " (0 .
e d u l i s ), is occasionally m et w ith there also, aud we have recently had some specimens from Falm outh with very well-marked green hearts, due to an accumulation of leucocytes laden w ith green granules in the ventricle. Such hearts are of frequent occurrence in the diseased American o ysters; after death the mass of leucocytes subsides to the bottom of the cavity, leaving the clear plasma above. It is thus easy to demonstrate th at the colour is due to the leuco cytes, and to the leucocytes alone.
The blood of these oysters contains a great variety of more or less colourless and more or less green and granular corpuscles, all of which may be termed leucocytes. They are apparently all amoeboid wandering cells, comparable to the colourless corpuscles of the blood of higher animals. The larger and (probably) older of the leuco cytes are very-coarsely granular and very opaquely green. I t is these that give the colour in bulk. W e find them in masses in the heart, in both auricle and ventricle, in the vessels, where they are sometimes so abundant as to engorge or inject certain parts of the system, in the lacunar spaces of the connective tissue of the mantle and other organs, and also in the more solid parts of the tissues wandering amongst the other cells, wedged iuto the epithelium and coming out in great numbers on the Surface of the body. Some of these latter, when found in the ectoderm and on the surface, are very markedly eosinophilous ; those in the vessels are not so markedly so. WFen stained with osmic acid the granules of the leucocytes become black. After treatm ent with fat solvents, however, some of the leucocytes are still very granular.
In sections which have not been stained, the grannies of the leucocytes have a distinctly brown colour, recalling the appearance of the granules in the liver cells in unstained sections in cases of pernicious anaemia.
We opened many batches of American oysters, 100 at a time, and in all cases where the green tint was present in the mantle, heart, or VOL. l x ii. n vessels we found the accumulations of leucocytes. From 120 oysters we chose the six greenest and the six w hitest. Dr. Kohn analysed these two sets of six for us, and found th a t the green contained between three and four (3'7) times as much copper as the w hite. This shows th a t it is not m erely a redisposition in the body of the copper, due possibly to the hsemocyanin, but th a t th ere is an absolute increase in the am ount present in the body. W e also found th a t the greenest parts of the body contained far more copper than corresponding tissues which had no green deposit in them. R ot only then do these green oysters contain a largely increased amount of copper, bu t we have also shown th a t the copper coincides in its distribution w ith the green leucocytes, and, conse quently, we regard the copper as the cause of the green colour. W e then passed on to a more m inute examination of the pigm ent and to histo-chemical reactions.
Chemical Reactions.
The Green Colouring Matter.-The greenest portions of the green oysters were snipped out and dried on the water bath. The dried powdered residue was treated with alcohol, ether, chloroform, benzene, turpentine, xylol, b u t these reagents failed to extract the colouring m a tte r; we concluded, therefore, th at the pigm ent was not of the nature of a lipochrome. On the other hand, the pigment was readily soluble in dilute acids and in a lk a lis ; the addition of am monia gave rise to a distinct bluish tint, and fresh pieces of the green oysters reacted instantly w ith ammonia, w ith the formation of a beautiful blue.
W e next determined w hether the pigm ent was due to iron or copper. The dried residue treated with dilute hydrochloric acid and potassic ferrocyanide gave a marked red reaction, thus indi cating the presence of copper, and it was then found that very small quantities of the green colouring m atter treated with dilute hydrochloric acid were sufficient to produce a well-marked deposit of metallic copper upon polished iron. In several instances a deposition of copper occurred when a piece of polished iron was laid upon a green patch on the surface of the mantle of a fresh oyster, dilute hydrochloric acid having been previously used to moisten the m antle. Control experiments were made with the whitest portions of the American oysters and with natives, and traces only of copper were found. These results have been also quantitatively controlled by Dr. Kohn.
A series of histo-chemical reactions were then carried out. For the purpose the oysters were hardened in absolute alcohol, and pieces were then imbedded in paraffin, great care being taken th at every reagent was perfectly pure, firstly, w ith regard to the absence of copper or iron, and, secondly, th a t no acid was p re se n t; thus, for example, commercial turpentine may give a distinctly acid reaction, and this would be sufficient to remove the copper. If sections were imbedded in gum-and often the best results were obtained by this m ethod-the tissues were allowed to rem ain for as short a time as possible in distilled w ater and then transferred to perfectly fresh neutralised solution of gum -arabic, and allowed to rem ain in it for only a short period. The pigm ents appeared partially soluble in water.
Comparatively th ick sections were cut, in which the distribu tion of the green colour could be seen with the naked eye. These were placed in absolute alcohol in every case before proceeding to test. The reagents which we employed were potassic ferrocyanide, 1*5 per cent, solution,* freshly prepared ammonium-hydrogen sulphide, and pure haematoxylin.
Potassic Ferrocyanide.-Sections were taken from absolute alcohol and passed into distilled w ater for a moment in order to remove the alcohol. They were then placed in the potassic ferrocyanide solu tion, when the portions previously green assum ed a red colour; this reaction set in immediately. The presence of a 0'5 per cent, solu tion of hydrochloric acid added in equal quantity to the ferrocyanide solution previous to use (as recommended by M acallum for iron) tended to hasten the reaction, and in some cases was necessary in order to obtain it.
The sections were then washed in distilled w ater, dehydrated in absolute alcohol, cleared in cedar oil, and m ounted in Canada balsam. The red coloration was found located to the masses of leucocytes, and the individual leucocytes themselves were of a faint yellowish-red colour. In th e cases of the very granular pigmented leucocytes the granules assumed a distinct red-brown colour. In this way the distribution of the leucocytes and of the vessels which contained them was mapped out. Very beautiful preparations of the engorged green vessels were obtained by partially dissecting the mantle in the fresh oyster so as to expose the ram ifying vessels, then hardening in alcohol, and subsequently treating w ith ferrocyanide solution, when the vessels assumed a well-marked red colour; beautiful results were also obtained by ammonia. Fresh blood obtained from the heart in which vast numbers of the green leucocytes were present also gave a red reaction with acidulated ferrocyanide solu tion. Control bloods from white oysters gave an exceedingly faint or no reaction. Ammonium-hydrogen Sulphide.-Sections taken out of the alcohol and placed in this solution in stan tly gave a m arked dark yellowbrown reaction w herever there were green patches. This reagent is more striking in its results than the potassie ferrocyanide, and very good cover-slip preparations of the blood can be obtained, the cor puscles staining dark yellow-brown.
Hcematoxylin.-We were led to use this reagent from knowledge of its reaction in the case of W eigert's nerve-staining method. The results are m ost striking.
Sections placed in a watch-glass of distilled water, to w hich a few crystals of pure haematoxylin are then added, begin at once to assume a distinct blue colour in the place of the previous g re e n ; this occurs w hilst the solution itself remains free from colour, and therefore w hilst the quantity of hcematoxylin dissolved m ust be very m inute. Microscopic examination shows the corpuscles dark blue, and the vascular netw ork beautifully differenti ated. The connective tissue and gland cells and nuclei rem ain u n stained, or occasionally show a very faint blue reaction, most marked imm ediately around the vessels. This reaction appears to us to be as specific for copper as Macallum showed it to be in the case of inorganic iron. Ju st as in th e test-tube, so in the cell, a blue-black reaction is obtained not only w ith iron (as in the state seen in the liver cells in pernicious ancemia) but also with copper. I t therefore follows th a t haematoxylin is a m ost sensitive test for either m etal, and th a t consequently in the outset it is necessary to determ ine whether copper or iron is present exclusively in the cells, and to which of these elements the reaction is due.
Iron is found in the ash of the oyster, and the green coloration of the M arennes oysters has been attrib u ted to it by Carazzi and others. In the case of the green oysters which we have examined, Dr. Kohn found, in addition to the copper, traces of iron-the iron was, how ever, far below the copper in quantity. In the detailed and valuable paper of Macallum, previously referred to, a series of histo-chemical reactions are described in order to demonstrate the presence of iron in cells, and he w ith others distinguishes two forms, organic and inorganic. The latter, like, we presume, the iron in the liver cells in pernicious anaemia,* gives an immediate reaction with potassic ferro cyanide and dilute hydrochloric acid, and as Macallum has shown,f a dark blue with pure haematoxylin. B ut the organic iron behaves differently, giving, according to Macallum, a yellow colour w ith haematoxylin, and requiring previous treatm ent with dilute nitric, sulphuric, or hydrochloric acids in alcohol before a Prussian blue reaction is obtained with acidulated potassic ferrocyanide, or prolonged treatm ent w ith ammonium sulphide before any dark coloration is ob tained with th a t reagent. Now it will be observed th at all our reactions were immediate, taking place directly on the addition of ammonium sulphide, or potassic ferrocyanide alone, or aided by a trace of acid. The copper was therefore present in a condition analogous to th e inorganic iron, or a t least so loosely combined w ith the cell proto plasm as to be readily discharged, bu t in none of these cases did we get any indication of inorganic iron, except in the case of the contents of the alim entary tra c t of the oyster. W hen the sections were treated w ith 3 per cent, nitric acid in alcohol for half an hour the green colour disappeared, and then neither the copper reaction nor the striking reactions w ith ammonium sulphide and hem atoxylin took place. Subsequent treatm ent of these sections w ith acidulated potassic ferrocyanide, and again washing in dilute nitric or hydro chloric acid, yielded a general and very fain t Prussian blue reaction, in which the nuclei of the gland cells were more markedly blue than the leucocytes. If the m ethod is reliable it shows th a t traces of iron are present in the cells in addition to the copper, but it is the organic iron. Some oysters gave this Prussian blue reaction more m arkedly than others; this was the case w ith some Falm outh " natives." Hsemocyanin containing copper has been shown to be an im portant constituent of the blood in many of the invertebrata, taking the place of haemoglobin. We have examined the blood of very m any oysters, and only in two instances, and these in green oysters, have we thought th a t the plasma became very faintly blue on exposure to oxygen, whilst, as previously indicated, qualitative tests either failed to give any indication of copper or, at most, only a very faint reaction, and even in these cases the reaction appeared confined to the leucocytes which were present in the plasma. The ash, how ever, of the white oyster yields about 0'006 grain of copper, and it is probable th at minute traces are present in the plasma as haemocyanin. The cause, then, of the presence of the copper in such abundance in the green leucocytes is very obscure. The quantity of copper in the green leucocytes themselves varies, as our histochemical reactions demonstrated ; some corpuscles could be found which were conspicuous by their red reactions on the addition of potassic ferrocyanide, whilst others in the same preparations only gave very faint indications, and occasionally a cell could be seen which gave a m arked Prussian blue reaction instead of thq red.
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Conclusions.
Our results demonstrated the presence of copper in comparatively large quantity in the green leucocytes, chiefly in the American oyster, but also in the " natives " from Falm outh and other localities.
We have shown th a t the colour was in proportion to the am ount of copper present, and th a t the colourless leucocytes contained only traces of th a t metal. The deposition of the copper in this large quantity appears to us to represent a degenerative reaction -T it was accompanied by a most striking increase of leucocytes, w hich tended to distend the vessels and to collect in clumps, phenomena which are abnorm al in our experience in the oyster. The presence of the copper in the leucocytes in these cases m ight be compared to th a t of the iron which is m et with in some of the leucocytes in cases of old haemorrhages, pernicious anaemia, or in other cases where iron is set free. W e are not prepared to state w hether copper in the food can bring about the condition, b u t cer tainly we have abundant evidence to show th a t it can occur where no copper mines or other evident sources of copper are present.
W e are inclined to suggest th a t the increase of copper may be due to a disturbed metabolism, w hereby the normal copper of th e haemocyanin, which is probably passing through the body in m inute amounts, ceases to be removed, and so becomes stored up in certain cells.
Our results also show th at hsematoxylin is a most valuable reagent, not only as M acallum has shown in the case of iron, but also in th a t of copper, and th a t care m ust be taken to distinguish between the two reactions; and this m ust be especially the case in those invertebrata where copper plays an im portant role in the physiology of the blood. W hile m aking an experiment with the object of finding the degree of resistance to puncture offered by paper coated with a soft com pound of resin and oil, when placed between the secondary term inals of an induction coil, the tension being regulated by a spark-gap in a parallel branch of the circuit, observed th at on the passage of a spark at the spark-gap, while no spark passed between the paperseparated terminals, a sudden i*oughening or puckering of the previously smooth surface of the coating took place.
A number of experiments were made with the object of ascertain ing the nature of the action which produced this effect, and these led to further experiments and to results which, though closely related to well-known phenomena, possess features of novelty and intei*est.
